Recent studies have demonstrated the therapeutic potential of cannabinoids to treat pain, yet none have compared the analgesic effectiveness of smoked marijuana to orally administered D 9 -tetrahydrocannabinol (THC; dronabinol). This randomized, placebocontrolled, double-dummy, double-blind study compared the magnitude and duration of analgesic effects of smoked marijuana and dronabinol under well-controlled conditions using a validated experimental model of pain. Healthy male (N ¼ 15) and female (N ¼ 15) daily marijuana smokers participated in this outpatient study comparing the analgesic, subjective, and physiological effects of marijuana (0.00, 1.98, or 3.56% THC) to dronabinol (0, 10, or 20 mg). Pain response was assessed using the cold-pressor test (CPT): participants immersed their left hand in cold water (4 1C), and the time to report pain (pain sensitivity) and withdraw the hand from the water (pain tolerance) were recorded. Subjective pain and drug effect ratings were also measured as well as cardiovascular effects. Compared with placebo, marijuana and dronabinol decreased pain sensitivity (3.56%; 20 mg), increased pain tolerance (1.98%; 20 mg), and decreased subjective ratings of pain intensity (1.98, 3.56%; 20 mg). The magnitude of peak change in pain sensitivity and tolerance did not differ between marijuana and dronabinol, although dronabinol produced analgesia that was of a longer duration. Marijuana (1.98, 3.56%) and dronabinol (20 mg) also increased abuse-related subjective ratings relative to placebo; these ratings were greater with marijuana. These data indicate that under controlled conditions, marijuana and dronabinol decreased pain, with dronabinol producing longer-lasting decreases in pain sensitivity and lower ratings of abuse-related subjective effects than marijuana.
INTRODUCTION
Cannabinoids have long been thought to be effective in reducing pain (Russo, 2008) and findings from doubleblind, placebo-controlled studies have substantiated such hypotheses demonstrating that smoked and vaporized marijuana (Abrams et al, 2007; Ellis et al, 2009; Wilsey et al, 2008 Wilsey et al, , 2013 , oral D 9 -tetrahydrocannabinol (THC; dronabinol), the primary psychoactive component of marijuana (Mechoulam et al, 1970; Svendsen et al, 2004) , and Sativex , an oromucuosal preparation of THC and cannabidiol, decrease subjective ratings of pain in neuropathic pain populations. Because of its recent legalization for medical use in a number of US states (Hoffmann and Weber, 2010) , marijuana is now being prescribed therapeutically to manage a wide variety of pain conditions (Reinarman et al, 2011) . Although marijuana is not regulated for purity or potency, and its smoked route of administration presents health risks that may limit marijuana's potential as a viable therapeutic option (Moir et al, 2008) , it is argued to be preferable to dronabinol because of its faster onset and shorter duration of action allowing patients to titrate dose to the desired effect (Gowing et al, 1998) . However, dronabinol lacks the health risks associated with smoked marijuana, and has been shown to retain the therapeutic effects of marijuana for treatment of nausea (Musty and Rossi, 2001 ) and anorexia in HIV-positive patients, while producing somewhat reduced intoxication compared to marijuana (Haney et al, 2005 . The purpose of this study was to extend the comparison of the therapeutic effects of marijuana and dronabinol to measures of analgesia.
As discussed above, clinical studies have demonstrated the analgesic effects of cannabinoids in pain patients (Svendsen et al, 2004; Abrams et al, 2007; Nurmikko et al, 2007; Wilsey et al, 2008; Ellis et al, 2009; Ware et al, 2010) , but none have compared the effects of marijuana to dronabinol. Therefore, this within-subject, randomized, placebo-controlled, double-dummy, double-blind study directly compared the therapeutic analgesic potential of marijuana to dronabinol in response to a laboratory measure of acute pain in healthy, daily marijuana smokers. Although assessing the therapeutic effects of an analgesic in a target population has clinical relevance, comparing these effects in a population without pain has the advantage of isolating the drug effects to the experimental nociceptive stimulus in the absence of chronic pain, which may fluctuate in intensity between laboratory sessions. The analgesic effects of two strengths of marijuana (1.98 and 3.56% THC) were compared with two doses of dronabinol (10 and 20 mg), which produce comparable effects on food intake and subjective-ratings in þ HIV patients (Haney et al, 2005 , using a laboratory model of pain that has predictive validity for clinical efficacy of analgesics in nonpain populations (Zacny et al, 1996; Conley et al, 1997; Kowalczyk et al, 2006) .
In addition to their potential analgesic effects, marijuana and dronabinol produce additional effects, some of which may be therapeutically advantageous, for eample, increased appetite, decreased nausea, improved sleep (Musty and Rossi, 2001; Haney et al, 2007) , whereas others are disadvantageous, such as intoxication and dependence with daily use (Cooper and Haney, 2009) . How these effects correspond to analgesia is largely unknown but is an important mitigating factor in defining therapeutic utility. Therefore, this study compared the analgesic effects of marijuana and dronabinol with their cardiovascular and subjective effects related to intoxication and abuse potential. Further, because pain perception and efficacy of analgesic medication vary as a function of sex (Zacny and Beckman, 2004) , this study enrolled equal numbers of men and women to control for and conduct exploratory analyses of potential sex-dependent differences in pain response and drug effects.
MATERIALS AND METHODS

Participants
Volunteers aged 21-45 years were recruited through newspaper advertisements, and those who met inclusion/exclusion criteria after an initial telephone screen were invited to the laboratory for further screening. Before enrollment, participants gave written informed consent, received a psychiatric and medical evaluation, and provided a detailed drug use and medical history. Participants were accepted into the study if they were healthy, as determined by a physical examination, electrocardiogram, and urine and blood chemistries. All eligible participants currently smoked X3 marijuana cigarettes at least four times a week for the previous 4 weeks before screening, as determined by urine toxicology and self-report. Volunteers were excluded if they repeatedly used other illicit drugs, as determined by urine toxicology and self-report, or met the criteria for alcohol dependence. Those reporting pain were excluded, as were those who currently used over-the-counter or prescription medications each day, with the exception of oral contraceptives. Meeting Diagnostic and Statistical Manual (of Mental Disorders), fourth edition revised criteria for current or past Axis I psychopathology was also exclusionary. Female subjects were excluded if they were pregnant or nursing. Volunteers were told that the study objective was to determine the effects of smoked marijuana and dronabinol on pain response, mood, and physiology, and that during each session they would take a capsule and smoke a portion of a marijuana cigarette, but that the strength of the capsules and marijuana would vary. Participants were admitted into the study only after written informed consent to participate was given and eligibility criteria were verified. All study procedures were approved by the Institutional Review Board of the New York State Psychiatric Institute and were in accord with the Declaration of Helsinki.
Design and Procedures
The study included five outpatient sessions over the course of 2-4 weeks at the New York State Psychiatric Institute. Sessions, which were separated by at least 48 h to prevent medication carryover effects, began around 0900 hours, and were 6-7 h in duration. Before study onset, participants were familiarized with computerized tasks, the cold-pressor test (CPT), and study procedures with 1-2 training sessions, during which dronabinol and marijuana were not administered. During each session, one capsule containing placebo or dronabinol (10 or 20 mg) was administered to the participant 45 min before marijuana was smoked (0, 1.98, or 3.56% THC). Only one active dose of marijuana or dronabinol was administered within a session. A within-subject design was used in which all participants received all strengths of dronabinol and marijuana. The order of dosing was randomized.
Experimental session. Participants were instructed to not eat breakfast before each session or smoke marijuana or cigarettes after midnight the night before each session. Upon arrival to the laboratory, carbon monoxide levels were measured to confirm no recent smoking, breath alcohol levels were assessed, and use of illicit drugs other than marijuana was determined by a urine toxicology screen. If carbon monoxide levels indicated that the participant had smoked marijuana or a cigarette before arrival (X8 p.p.m.), the session was rescheduled. Pregnancy tests were also carried out before the first and fifth session. A standardized breakfast was provided to all participants before session onset.
Before capsule administration, participants completed baseline subjective-effects questionnaires and CPT; heart rate and blood pressure were measured using a Sentry II vital signs monitor (Model 6100; NBS Medical Services, Costa Mesa, CA). At 45 min after capsule administration, participants smoked a marijuana cigarette according to a cued-smoking procedure shown to produce reliable increases in heart rate and plasma THC levels (Foltin et al, 1987) : Investigators instructed participants to 'inhale' (5 s), 'hold smoke in lungs' (10 s), and 'exhale'. Participants smoked according to this procedure until 70% of the cigarette was pyrolized (3-7 puffs), with a 40-s interval between puffs. Heart rate, blood pressure, pain ratings derived from the CPT, and subjective pain ratings were assessed at set timepoints throughout the session (60, 90, 120, 150, 180, 270, and 360 min after capsule administration; 15, 45, 75, 105, 135, 225 , and 315 min after initiation of marijuana smoking). Subjective ratings of mood and drug effect were also completed at these timepoints. Cigarette smokers were permitted to smoke at predetermined intervals throughout the session to minimize nicotine withdrawal symptoms. At the end of each session (about 5 h after smoking), participants were free to leave the laboratory after passing field sobriety tasks.
analgesic effects of dronabinol and smoked marijuana ZD Cooper et al Cold pressor test. The cold pressor apparatus consisted of two water coolers, fitted with a wire cradle and an aquarium pump for water circulation. One cooler was filled with warm water (37 1C) and the other was filled with cold water (4 1C). Participants removed jewelry from the hand and forearm at the beginning of the session; during the test, participants were instructed to rest his/her hand with fingers spread apart on the wire cradle. Each CPT began with an immersion of the left hand into the warm water bath for 3 min. During this time, blood pressure and heart rate were measured. After removal of the hand from the warm water, skin temperature of the thumbpad was recorded and participants listened to a standardized script describing the procedures. Participants then immersed the left hand into the cold water bath, and were instructed to report the first painful sensation after immersion. They were asked to tolerate the stimulus as long as possible, but were permitted to withdraw their hand from the cold water at any point. Maximum immersion time was 2 min. Latency to first feel pain (pain sensitivity) and latency to withdraw the hand from the water (pain tolerance) were recorded. Blood pressure and heart rate were measured before and after each immersion using the arm that was not immersed in the water bath. The experimenter administering the CPT was of the same sex as the volunteer.
Subjective effects. Ratings of pain and drug effect were measured throughout the session.
Pain intensity and bothersomeness scales. Immediately after removing the hand from the cold water, participants rated pain intensity and bothersomeness of the cold water stimulus on a scale from 0 to 10, 0 being 'not painful/ bothersome at all' and 10 being 'most painful/bothersome feeling imaginable.'
McGill Pain Questionnaire. A 15-item shortened form of the McGill Pain Questionnaire (MPQ) (Melzack, 1987) was used to assess the sensory and affective dimensions of the pain experience immediately following the CPT. Participants were asked to describe the pain by choosing among a series of possible answers (None (score ¼ 1) to Severe (score ¼ 4)) when prompted by a descriptor ('Throbbing,' 'Shooting,' 'Stabbing,' etc). Scores were added across all 15 items to generate a sum score, which ranged between 15 and 60. This questionnaire was completed immediately after participants withdrew their hand from the cold water.
Subjective drug-effect questionnaires. Subjective drug effects were measured using visual analog scales (VASs), a series of 100-mm lines anchored with 'not at all' (0 mm) and 'extremely' (100 mm). Participants were instructed to indicate on the line how they felt at that moment.
Subjective effect-VAS. Participants were asked to rate their mood and physical symptoms on a modified 44-item visual analog scale (VAS) intended to measure affective and physical subjective drug effects (see Haney et al (1999) for description of the original 50-question version).
Marijuana rating form. Subjective marijuana-related drug effects were assessed using a 5-item VAS asking participants to rate the strength of the drug effect, good effect, bad effect, drug liking, and willingness to take the drug again. Participants were also asked to indicate whether they thought the marijuana was 'placebo' or 'active.'
Capsule rating form. Subjective drug effects associated with capsules were assessed using a 5-item VAS similar to the MRF, asking participants to rate the strength of the capsule drug effect, good effect, bad effect, drug liking, and willingness to take the drug again. Participants were also asked to indicate whether they thought the capsule contained placebo or active medication.
Drugs
Capsules (size 00 opaque capsules with lactose filler) containing placebo or dronabinol (10 or 20 mg) were prepared by the New York State Psychiatric Institute Research Pharmacy. Marijuana cigarettes (0.00, 1.98, or 3.56% THC; ca. 800 mg) were provided by the National Institute on Drug Abuse. Cigarettes were stored frozen in an airtight container and humidified at room temperature for 24 h before the session.
Data Analysis
Repeated-measures analysis of variance with planned comparisons were used to assess dronabinol and marijuana's analgesic, subjective, and cardiovascular effects. There were two within-group factors, drug condition (marijuana strength and dronabinol dose) and time point. Dependent variables included pain sensitivity and tolerance, subjective pain and drug effects as assessed by the pain intensity and bothersomeness scales, the MPQ, subjective effect-VAS (SE-VAS), MRF, and CRF scales, and heart rate. For each drug condition, pain sensitivity and tolerance were calculated for each participant as the percent of the baseline pre-dosing CPT response; differences in the baseline CPT effects were analyzed according to sex and dose condition. For each of the above dependent measures, six planned comparisons between dosing conditions were completed. Both marijuana strengths and dronabinol doses were compared with the placebo condition (four comparisons), marijuana and dronabinol effects were compared according to dose/ strength (two comparisons: 1.98% THC marijuana compared with 10 mg dronabinol and 3.56% THC marijuana compared with 20 mg dronabinol). Results were considered statistically significant when p-values were equal to or less than 0.05 using Huynh-Feldt corrections. Statistical power was not sufficient to assess sex-dependent effects; however, an exploratory between-groups analysis was performed to assess for trends suggesting sex differences for baseline pain measures and drug effects. Table 1 portrays the demographic characteristics of the participants who completed the study; there were no analgesic effects of dronabinol and smoked marijuana ZD Cooper et al significant demographic differences between male (n ¼ 15) and female subjects (n ¼ 15). An additional four volunteers enrolled, but did not complete the study. Of the four that discontinued, one did so for personal reasons and three were unreliable.
RESULTS
Demographic Characteristics
Analgesic Effects
CPT: pain sensitivity and tolerance. Figure 1 portrays the time course of pain sensitivity (latency to first report pain, left panels) and pain tolerance (latency to withdraw the hand from the cold water, right panels) as a function of marijuana strength (top panels) and dronabinol dose (bottom panels). Baseline pain sensitivity and tolerance did not differ across dosing conditions. Drug effects on pain analgesic effects of dronabinol and smoked marijuana ZD Cooper et al sensitivity and tolerance peaked 15 min after marijuana was smoked and 180 min after dronabinol was administered. In terms of pain sensitivity, the latency to first report pain was significantly increased by the high marijuana strength (3.56%; 13.1 ± 3.9 s difference from baseline) and dronabinol dose (20 mg; 12.1±5.6 s difference from baseline) conditions relative to the placebo (0.3±1.0 s difference from baseline) (pp0.01). Comparisons of pain sensitivity according to dronabinol dose and marijuana strength did not reveal differences between the two drugs. In terms of pain tolerance, low marijuana strength cigarettes (1.98%; 4.9 ± 3.4 s difference from baseline) and both dronabinol doses (10 and 20 mg; 2.8±2.9 s difference from baseline and 6.1 ± 4.4 s difference from baseline, respectively) increased the latency to report pain (pp0.05) relative to placebo (1.5±1.4 s difference from baseline). The high marijuana strength cigarettes (3.56%) did not significantly alter pain tolerance relative to placebo across the session; although this strength increased pain tolerance up to an hour after smoking (9.0±3.0 s difference from baseline), a decrease in pain tolerance was observed at later time points. Marijuana and dronabinol did not produce significantly different effects on pain latency.
Subjective pain ratings. Effects of marijuana and dronabinol on subjective pain ratings measured using the Pain Intensity and Bothersomeness scales are shown in Figure 2 (top panels, marijuana; bottom panels, dronabinol). Baseline subjective pain ratings did not differ across dosing conditions. Both marijuana strengths (pp0.001) and the high dronabinol dose (pp0.05) decreased subjective ratings of pain intensity and bothersomeness of the CPT relative to placebo, whereas the low dronabinol dose did not affect either of these ratings. Comparisons of subjective pain ratings as a function of marijuana strength and dronabinol dose revealed that both strengths of marijuana produced greater decreases in subjective pain ratings relative to the respective dronabinol doses (pp0.01).
Subjective drug effects. Figure 3 illustrates ratings of subjective drug effects according to marijuana strength and dronabinol dose as measured by the SE-VAS (Figure 3a ) and MRF ( Figure 3b ). Subjective ratings of drug effects on the SE-VAS peaked 15 min after active marijuana was smoked and 60-90 min after active dronabinol was administered. Both marijuana strengths and the high analgesic effects of dronabinol and smoked marijuana ZD Cooper et al dronabinol dose increased ratings of 'High' and 'Good drug effect' relative to placebo (pp0.001), and both marijuana strengths increased ratings of 'Stimulated' (pp0.001); the low dronabinol dose decreased ratings of 'Stimulated' relative to placebo (pp0.05) but did not alter ratings of 'High' and 'Good drug effect' relative to placebo. For these three effects, both marijuana strengths produced higher ratings relative to the respective dronabinol doses (pp0.001). Subjective ratings of marijuana quality and effects as measured by the MRF demonstrated that relative to placebo, both marijuana strengths and the high dronabinol dose increased ratings of marijuana strength, liking, and willingness to take again (pp0.01); the low dronabinol dose did not alter these ratings. For these three effects, both marijuana strengths produced higher ratings relative to the respective dronabinol doses (pp0.001).
Subjective ratings of capsule effects as measured by the CRF averaged across each session revealed that both marijuana strengths and the high dronabinol dose produced small (o5 mm increase) but significant increases in subjective ratings of willingness to take the capsule again relative to placebo (pp0.01), and the high dronabinol dose and marijuana strength increased ratings of capsule liking (o6 mm; pp0.01) (data not shown). The low marijuana strength produced higher ratings for these three effects relative to the low dronabinol dose (pp0.01) (data not shown). Ratings did not differ between the high marijuana strength and dronabinol dose. For both the MRF and CRF, subjective ratings of drug effects peaked 15 min after active marijuana was smoked and 60-90 min after active dronabinol was administered.
Marijuana and dronabinol did not increase negative subjective drug effect ratings on the SE-VAS, MRF, or CRF. Figure 4 portrays the average change in heart rate over the session as a function of marijuana strength and dronabinol dose. Both marijuana strengths and dronabinol doses increased heart rate relative to placebo (pp0.05). Both marijuana strengths produced greater increases in heart rate relative to the respective dronabinol doses (pp0.01).
Cardiovascular Effects
Sex Differences
There was no evidence of sex differences for baseline pain measures, or for the analgesic, subjective, or physiological effects of marijuana or dronabinol.
DISCUSSION
This study demonstrates dose-and time-dependent cannabinoid-induced analgesia in response to an acute pain response to the cold pressor test. The magnitude and duration of analgesic effects varied according to drug condition: Dronabinol administration decreased pain analgesic effects of dronabinol and smoked marijuana ZD Cooper et al sensitivity and increased pain tolerance that peaked later and lasted longer relative to smoked marijuana, whereas marijuana produced a greater attenuation of subjective ratings of pain intensity relative to dronabinol. In addition to analgesia, marijuana and dronabinol increased subjective drug effect ratings associated with abuse liability, with marijuana eliciting greater increases in these ratings relative to dronabinol. Although the time course for marijuanainduced increases in subjective drug ratings paralleled its analgesic effects, this was not the case for dronabinol. Peak subjective ratings of dronabinol's drug effects occurred 60 min after administration, whereas dronabinol-induced decreases in pain sensitivity and increases in pain tolerance were highest about 4 h after drug administration, suggesting that the magnitude and time course of these subjective drug effects do not necessarily predict analgesia in the CPT. Clinical studies have demonstrated the analgesic effectiveness of cannabinoids including marijuana and dronabinol in neuropathic pain populations (Svendsen et al, 2004; Abrams et al, 2007; Nurmikko et al, 2007; Wilsey et al, 2008; Ellis et al, 2009; Ware et al, 2010) . However, the cannabinoids proved to be less effective in attenuating other pain modalities; dronabinol (5 mg) failed to decrease postoperative pain (Buggy et al, 2003) and sensitivity to a thermal stimulus (Roberts et al, 2006) , and a higher dronabinol dose (20 mg) failed to reduce acute inflammatory pain, hyperalgesia (Kraft et al, 2008) , or increase pain threshold in a pressure test (Naef et al, 2003) . Although dronabinol did not produce analgesia in these experimental pain models, a single study successfully demonstrated the effectiveness of smoked marijuana in reducing sensitivity to radiant heat stimulation (Greenwald and Stitzer, 2000) . In this study utilizing healthy volunteers, the analgesic effects of both marijuana and dronabinol were evident using the CPT, producing a robust increase in pain sensitivity and a significant, but smaller in magnitude, increase in pain tolerance. These findings demonstrate that under controlled conditions, both dronabinol and marijuana reliably elicit dose-and time-dependent analgesia in response to the CPT for most measures and are in concordance with the preclinical studies demonstrating the antinociceptive effectiveness of cannabinoid subtype 1 (CB1) receptor agonists (eg, Hama and Sagen, 2011) .
For one measure, the low but not the high marijuana strength cigarettes significantly increased pain tolerance relative to placebo. Although the high marijuana strength increased pain tolerance at the earlier timepoints, the effect dissipated and decreased at the later timepoints below baseline values. A similar effect has been identified in an earlier study assessing marijuana-induced analgesia in a model of postinjury pain, where the responses to nociceptive stimuli were determined after a transdermal injection of capsaicin (Wallace et al, 2007) . Under this facilitated pain state, the moderate marijuana strength decreased pain, whereas the higher marijuana strength increased pain at a single timepoint. The same study also failed to demonstrate marijuana-induced analgesia in response to warm and cold stimuli under a non-facilitated pain state. These findings indicate that marijuana's effects on the pain response seem to be contingent upon dose, time, and the experimental pain model. As such, unlike the preclinical findings that have identified the antinociceptive effects of CB1 agonists across a variety of pain modalities, the analgesic effects of dronabinol and marijuana in humans are dependent upon the nociceptive stimulus.
The potential use of cannabinoids to treat pain and their limitations have been widely discussed in review and opinion publications (eg, Rahn and Hohmann, 2009) . Adverse effects of cannabinoids that can limit their therapeutic use are negative subjective effects and impaired cognition (as discussed in Haney, 2007) . In this study, dronabinol and marijuana did not produce negative subjective effects. Marijuana increased heart rate, as did dronabinol to a lesser extent, but the magnitude of these changes were not clinically significant. Although the cognitive effects of dronabinol and marijuana were not assessed in this study, previous reports from our laboratory have demonstrated that these dronabinol doses and marijuana strengths minimally affect performance on tasks designed to measure memory, attention, and psychomotor skills in ongoing marijuana smokers (Haney et al, 2005) . By contrast, in non-marijuana smokers, lower doses of dronabinol have been shown to elicit negative subjective effects in healthy volunteers (Haney, 2007) and in patient populations (Tramer et al, 2001) . Although these effects are dose-dependent and can be mitigated by careful dose titration, it is still unknown if analgesia can be achieved at doses that do not produce negative effects in a nonmarijuana smoking population. Another potential limitation to the use of cannabinoids for pain is the development of tolerance and dependence, an issue that impacts the therapeutic potential of opioids. Although tolerance to the analgesic effects of cannabinoids may require escalating doses over time, CB1 agonists have a favorable safety profile (Burns and Ineck, 2006) relative to opioids, which can have respiratory depressant effects at high doses (Smith and Bruckenthal, 2010) . A primary caveat of these findings is that the study population consisted of daily marijuana smokers; this study limitation should be considered when interpreting the findings and placing them within the context of the potential therapeutic feasibility of cannabinoids. The study inclusion criteria were specifically designed to control for marijuana use in effort to decrease Figure 4 Cardiovascular effects of placebo, dronabinol, and marijuana presented as the average (±SEM) heart rate (beats per minute (b.p.m.)) for post-smoking time points for each drug condition. Significant differences between placebo and dronabinol or marijuana are indicated by *pp0.05, **pp0.01, and ***pp0.001.
analgesic effects of dronabinol and smoked marijuana ZD Cooper et al the variability in cannabinoid-elicited effects that may have arisen because of tolerance. However, selecting for this population limits the generalizability of the findings. As discussed above, the analgesic effects of marijuana and dronabinol are hypothesized to be greater in lighter or nonmarijuana users, but the probability for negative effects (ie, negative subjective effects and decrements in cognitive performance) would similarly increase. The exploratory analysis for sex-dependent effects did not detect differences between male and female participants in baseline pain response or to dronabinol or marijuana's analgesic effects. The lack of sex-dependent differences in baseline (non-drug) pain response was unexpected given that the majority of investigations exploring sex differences in response to an experimental cold pain stimulus report male participants to exhibit lower pain sensitivity and higher tolerance relative to female participants (for a review see Fillingim et al, 2009) . Sex-dependent differences in dronabinol and marijuana's analgesic effects were also expected given that the synthetic cannabinoid nabilone decreases pain in an experimental heat pain in female participants but not male participants (Redmond et al, 2008) . One possibility for the lack of sex-dependent effects in this study is because the experimenter administering the CPT was the same sex as the volunteer. Manipulating the sex of the experimenter has been shown to alter pain sensitivity and tolerance in the CPT, thus potentially contributing to sex-dependent differences in pain response when an experimenter of the opposite sex performs the CPT (Gijsbers and Nicholson, 2005; Fillingim et al, 2009) . Another factor that significantly contributes to sexdependent differences in pain sensitivity is fluctuations of reproductive hormones that occur as a function of menstrual-cycle phase in laboratory animals (for a review see Craft et al, 2004) , which was not controlled for in this study. Although recent findings suggest that menstrual cycle phase has only a subtle effect on pain responsivity in humans (Kowalczyk et al, 2006; Kowalczyk et al, 2010) , the evidence for sex-dependent differences in nabilone's analgesic effects (Redmond et al, 2008) suggests that changes in cannabinoidinduced analgesia as a function of sex and menstrual-cycle phase is an area that warrants further research.
CONCLUSION
Cannabinoids have been shown to alleviate neuropathic pain associated with disease (multiple sclerosis (Svendsen et al, 2004; Rog et al, 2007; Zajicek and Apostu, 2011) , HIV (Ellis et al, 2009 ) and injury (Berman et al, 2004) . This study is the first to demonstrate the dose-and route-dependent analgesic effectiveness of cannabinoids for acute experimentallyinduced pain in a pain-free population, evidence that supports the role of cannabinoids for the management of pain.
